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Simple Title 

A control device 4. ' 

Detailed Title 

Machine control device using information firom light sensors. 

Initial scope of this provisional patent 

This provisional patent covers an mvention that may be used in other situations and for uses other than 
press brake control however its initial design and marketing is for press brakes vrfiere productivity 
and/or safety are inqiroved by safely and autiunatically driving the blade to a position ready for 
betiding material placed onto the anviL 

Overview 




Apical break press has a long anvil (fig 1/1) with a VEE (fig 1/2) along the top and a blade 
(fig 1/3) with a leading bottom edge (fig 1/4) that fits into the VEE of the anvil. To bend a piece of 
sheet metal (fig 1/5), most machine drive a back-gage (fig 1/7) into a position to align the material, 
the material may be slotted into a guide provided by the back-gage clanq)s (fig 1/8). The operator then 
activates the break press, driving the blade down (fig 1/6) so it comes into contact with, and then bends 
the sheet metal that has been placed onto the VEE of the anviL 
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After the bend and if the blade has not been set to retract far enou^ then the material can be difficult to 
remove firom the anvil or requiring the operator to unnecessarily use tfie retract switch. 

For this reason, a pre^ brake blade is often configured to refa^ct to a heiglit \^ere the bent material can 
easily be removed, and a new piece placed onto the anvil to be bent 

This opening of the blade to a set heigjit reduces productivity as the operator must wait for the blade to 
first retract and then approadi the next piece of material. 

The large opening increases danger to the operator as there is a larger gap for the operator to put fingers 
& hands into. Techniques such as having a programmable blade opening height for eadi stage of the 
bending process and/or a v^ fast approach speeds to tiie material (\yi^ lasras projected along the 
underside of the blade for safety) have been used to inq)rove productivity. 

To improve safety, the blade may be stopped a preset distance (often called the mute - or pinch pouit) 
above the material and the approach switch re<piired to be released and re-ass^d a^in before the 
bending action starts. Ibis action reduces productivity as extra time is spent: 

1) While the operator aligns the material and then activates the approach switch. 

2) While the blade q)proaches the material. 

3) While the operator waits for the blade to stop at the mute point and to release and reassert the 
approach switch. 

These extra stops can lead to new dangers as the operator may get used to activating the approach 
switch unnecessarily, instead of just activating the approach switch to confiim the zone b safe and/or 
the material is aligned correctly. 

Laser beams projected along the underside of a blade can be used to ensure fingers are not placed on 
top of material and improve productivity by permitting the blade to travel straight through the mute 
pomt in relative safety. This method stiU leaves the operator at risk of mtrapment (tips offing 
tipped between the bending metal and the blade) while a method to reduce the possibility of 
entrapment is desoibed in PCT/AU03/00707. 

When bending a box, an operator may bend the two sides of the box then rotate the woric piece 90 deg 
to bend the back of the box. 

By one method, the operator aligns the material into a guide provided by the back-gage so the blade 
passes betwem the two sides in safety. Alternatively, the operator drives the blade to just above the 
material, aligns the material with the blade and then ^preaches the material again. By a third method, 
the operator drives Ihe blade to be lower than the side up-stands of the material and then slots the 
material around the blade. 

By the first and second methods, if the material isn't aligned correctly then the left or right edge of the 
blade can be broken, or ttie material crumpled due to the blade coming into contact with one of the up- 
stands. This would be likely to occur if Ae material is not seated property into the back-g^e ^ides 
wlien the approach switch is activated or if the material is not aligned correctly below the blade v/bsa 
the blade is re-activated. 

The press bakes may also be fitted witti a laser safety system adjusted to make the blade stop just above 
the up-stands or configures with a stop point, permitting the operator to emure the material is 
positioned correctly for the blade to pass between the sides without coming into contact vwth them. 
Due to the potential damage that can occur, operators often take extra care while performing these 
bends with productivity being reduced accordingly. 

In another attempt to improve productivity, many presses are fitted with an auto-retract fimction. This 
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is often achieved by waiting until the blade reaches its bottom of stroke and then automatically 
retracting the blade while the operator still has the approadi switch activated. 

Operators may also inadvertently place the material to be bent onto the bed oriented the wrong way 
leading to the wrong side of the material being bent 

Some or all of these techniques are limited in some way as they do not entirely solve the problem of 
productivity being reduced through either the blade opening being unnecessarily large or the blade 
being stopped at top dead center or other places waiting for the operator to reactivate the approach 
switch. Some or all of these techniques may also result in unnecessaiy time being spent configuring the 
madiine and/or umecessary danger to the operator firom large openings or potential damage to tiie 
machine or materiaL 

The present invention seeks to at least in part to solve some or all of the problems described above. 

The invention 

The contents of patent PCT/AU03/00707 are incorporated here by reference 
The preferred embodiment for the new invention consists of the following: 

Obstruction (blade/material and anvil) Sensing means: 




A large area parallel my ligjit emittmg means (fig 2/9) is used to illuminate the control zone (fig 2/1 1) 
so that objects illuminated by the light emitting means cast a shadow. The position, speed and shape of 
idtadows are detected by a li^ receiving means (fig 2/10). A control means (not shown) analyses the 
information fi*om the light receiving means and controls Uxo machine accordingly. 
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The li^ cutting means (fig 2/9) consists of a laser diode (fig 2/1) that projects its diverging laser 
beam onto a minx)r (fig 2/2). The mirror allows a long focal length to be used without making the 
device overly long. 

light from the miiror is columnated by the lens arrangement (fig 2/3) that may consist of asphenc, dual 
piano (flat on the hack) convex lenses or other suitable converging lenses. The columnated light 
consists of substantially parallel rays of light projected over a large area. 

The li^ receiving means (fig 2/10) consists of a lens arrangement (fig 2/4) to converge the large area 
light beam and a miiror (fig 2/5). The converged light is passed through a pin hole (fig 2/6) and onto a 
projection screen (fig 2/7). 

Li^ hitting the piojection soreen creates and images that is detected in real time by a CCD camera (fig 
2/8) and communicated to a control means (not shown). 

Unlike the safety device described in patent PCT/AU03/00707, it may be nectary to keep the laser 
more piedsely aligned with the receiver in ordo* to accurately analyse obstructions in the control zone 
(fig 2/11). 




The preferred embodiment for aligning the laser beam has a vernier adjustment to automatically alter 
the direction of the columnated las^ beam. This is adiieved by moving the laser diode (fig 3/1) 
relative to the lens arrangement (fig 3/3) using three linear actuators (fig 3/2). 
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Moving the laser diode (fig 3/1) towards or away from the mirror (fig 3/5) so the optical distance to the 
lens arrangement (fig 3/3) decreases or increases causes the columnated laser beam to diverge or 
converge accordingly. The laser is moved laterally by mounting the laser below the fuloum as shown 
in (fig 3/4). Moving the laser diode laterally relative to the lens arrangement alters the direction of the 
columnated beam without appreciably altering the quality of the columnated beam. 




Fig 4 shows various images that could be analyzed by the control means, these images may be: 
O ablade and anvil with no matmal on the anvil (fig 4/1) 
9 a blade and anvil with material on the anvil (fig 4/2) 
9 a piece of material bent by &e blade and anvil (fig 4/3) 

Attemative embodiments for the obstruction sensing means could include multiple flat beam lasers (fig 
S/2) as describe in WO03/080268 or multiple spot lasers (fig 5/1) positioned to achieve a sunilar 
outcome. 




If many horizontal sensors (fig 5/3) are used (5 are shown here) then they can be used to determine the 
hei^ that any obstructions occur at To do this the blade position should be know at any moment and 
this information used to determine the heigjtit that a soisor is at when it becomes obstructed. 
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Material position sensing means: 




The image sensing means pennits the control means to establish when a new piece of material has been 
placed onto the anvil and aligned front-to-back correctly, and also for the operator to woric in safety as 
per PCT/AU03/00707. However, it does not permit the control means to establish if the material has 
been placed correctly lately. Fig 6/1 shows a piece of material aligned incorrectly so that its up- 
stand will be hit by the blade. Material is not usually hit by a blade as a good operator takes fte 
necessary precautions to ensure it doesnt happen. 

One preferred embodimeixt for this mventiim includes a positive positioning or sensing means that can 
help ensure the material is horizontally positioned correctly. 

The prefeired positive positioning means requii:^ the back-gage to have adjustable clanq)s as 
represented in Fig 1/8. As can be seen, the material can only be aligned when slotted between the two 
clanq>s of the back-gage. 




Fig 7/1 shows an inductive sensor mounted into an anvil with the material a little to the left, this would 
result in a low inductance from the inductive sensor. As the material position is varied from left to ^ 
right, more of tiie sensor is covered. This results in the inductance to inorease and/or the eddy current 

losses to increase accordingly. 

The preferred material position sensing means has one or more inductive sensors mounted adjacent to, 
or into the anvil. By measuring the inductance of these sensors, the control means determine the 
relative horizontal position that the material has been placed into. As the material would be placed 
against a side stop, the material should be positioned correctly and the inductive sensor would be used 
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to coofiim the position. Alternatively the inductive sensor or micro-switdies could be mounted onto the 
alignment fingers of the back-gage to indicate to the control means that the material is positioned ready 
fertile bend. 

Control means: 

The processing and control means (not shown) consists of a programmable device (say a DSP / 
microprocessor or computer) that analyzes information from the light receiving means and controls the 
machine accordingly. 

The control means uses the shadow maps and shadow mask e}q)ansion techniques that are described in 
PCT/AU03/00707 and also retains some or all of the safety tedmiques desoribed in that PCT. 

The control means also has a blade position sensor that permits the control means to know the position 
of the blade relative to the anvil. Alternatively, the control means can estimate the position of the blade 
relative to the anvil by observing the movement of obstructions (images of material and anvil) relative 
to the blade. 

The control means may also have a matmal position detector or positive guide to ensure flie material is 
aligned correctly. 

Preferred Operating Embodiments: 

Three preferred operating embodiments are described, each with advantages suited to particular 
production tasks or machine types. An overall preferred embodiment is envisaged that either operates 
similarly to one of these, with a combination of all three modes^ or has a means for switching between 
these modes. 

For embodiments one and three (flow diagrams 1 A, IB & 3), the operator keeps the approach switch 
active after the materia] has been bent, ifais allows the blade to follow the material. 

For embodiment two (flow diagiam #2), the operator selects a follow the material' mode using a 
selector switch. In Tollow the material* mod^ the control means follows the material after the approach 
switch has been released (for safety reasons - say if the operator goes off to morning tea -the material 
is only followed for say 1 minute after the approach switch has been removed). The blade only follows 
the material while there is no obstmction around the blade so the control means can ensure the is not 
going to come into contact wiQi anything. 

For all three embodiments, after bending a piece of material, the operator keeps the approach switch 
ass^d while the processing and control means retracts the blade from the material allowing the 
material to be removed. The opemtor then pute the next piece of material onto the anvil while the 
processing and control means keeps the blade clear and then drives the blade so it descends to just 
above the material ready for the next bend. 
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Using the Ugbt eatnitting and receiving means described in PCT/AU03/00707, a potential problem 
exists where an up-stand on the material being bent obstructs the light beam casting a shadow that the 
blade will overlap. In this situation, the processing and control means cannot determine if the material 
is positioned coirectly and so, slows or stops the blade. A few ways to allow the blade to descend 
below the height of material up-stands (see fig 10/2) are envisaged: 

. The operator releases and asserts the approadi switdi confirming it is safe to continue (this is shown 
in all flow diagrams). 

• The operator places the material onto the anvil, but slides the material to a position that does not 
create a shadow that overlaps blade. This assures safety allowing the blade to descend to just above 
the flat part of the material. Once the blade has descended and stopped, the operator slides the 
material into position ready for bending causing the shadow of the material to overlap the shadow of 
the blade (this is allowed for in all flow diagrams). 

. The blade stops when an obstruction is detected below the blade, but is permitted to travel if the 
shadow of the material matches a shadow in the shadow stack even if the shadow of Ae material 
ov^lq>s the shadow of the blade. The permitted speed would be determined by the degree of 
overiap and the position and shape of the obstruction relative to the appropriate image stored in the 
shadow stack (this is similar to the previous point but allows the operator to slide the material mto 
position before the blade has fiiUy descended). 

• The blade is slowed while traveling through tiie location where the diadow of the blade overlaps the 
shadow of the material (this would help tiie operator align the material). 

. Either a horizontal position sensor (as shown by the ' * ' of flow diagram #1) or guides (as described 
above) are used This gives visual or analogue feedback to the processing and control means 
confirming the material is positioned correctly. 



It is noted that using some of these modes, damage to the material and a danger to the operator can 
result if the material is not aligned correctly therefore heuristics would be programmed into the 
processing and control means to optunize productivity while minimizing the risk of damage to materia! 
or danger to the operator. 

An automatic mode is also shown in dotted lines where for certain bend types, tiie operator need never 
release tfie approach switch. In this mode, after bending a piece ofmaterial, the oporator removes the 
material and places the next piece of material ready to be bent The processing and ccaitrol means 
bends the piece of material after confirming it has not moved for a pre-determined period and that it is 
safe to p^oim the bend To reduce the diance of material rnisaKgnmeiit, for prefened embodimeiil^ 
#1 and #2, the processing and control means doesn't start file bend unless the image of materia 

anvil matches one of the images in the shadow stack 

The first embodiment is most suited for presses viiere smooth operation of the blade is possible, of the 
three embodiments this one results mthe greatest blade movement but has fiie advantage that it also 
gives the greatest productivity (due to good clearance under the blade) while giving the operator 
continuous control over the blade movemait Also the operator is provided with visual feedback, 
confiiming the matmal is aligned correctly. 
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Shadow 

A shadow stadc is used for embodhneats #1 and #2. Once an initial bend has been completed, the 
image, the material position and shape immediately prior to the material being bent is stored into the 
shadow stack. On subsequent bends, the control means compares the received image against the 
images stored in shadow stack and only pennits the blade to come close to the material if they match. 
The first embodunent, provides visual feedback to the operator (indicatmg when the material sh^e is 



image in the shadow stadc the blade is then low^d to just above the material indicating the material 
shape has been has a recogi 



The second embodiment operates similarly to the first, howevCT, the approach switch doesnt have to be 
held to pemiit the blade to follow the material. This allows the operator to move around, leaving the 
approach switch for short periods. Safety is maintained as the blade doesnt move unless either the 
approach switch is asserted or unless there is no obstruction aroimd the blade. 

This embodiment would be usefiil in situations where it is hard to keq) the approadi switch asserted 
while placing and removing material fr<»nthe anviL 

For embodiments # 1 and #2, the operator has the maximum opportunity to ensure the material is 
aligned conectly. If eith^ the material position or shape are not recognized in the shadow stack then 
these embodiments insert and extra stop before bending the material (refer to flow diag 1 A, IB & 2). 

No Shadow Stack: . . 

The tiiird embodimoit provides the most consistent operation while still maintaining good productivity, 
this operates similar to embodiments #1 while tiie operator creates an image to be stored into ^ 
shadow stack. This is the most intuitive mode, requiring less training for operators. 
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Preferred Control Embodiment #1; 



[11 reiiBCt sw esseit«d 
{uncondUlonaly ratum 
to IMS step) 



c 



(DRenaa 

end enable datadlon for Bit portions tiie blade 




retract swrelefised 




(2) WWLB APPWACH SWASSERTetK FoDovi U)o m oarfal koeplng ihe Made 
epproBc. 25mm venicany above any obstnicted pot of tbo ImaQo 
. This retracts the bladeto (oOowifie materM Ulho materials lilted (say by an 
operator} causing Ihomatoiial to approach the blade llrom bdow 
. ir no mwmrtal dWocfatf en tiiWf than *aap Uatfa appmx, 2Bmm abova anvO 



[3] approach sw assortod and 
mateilai shape and orientation 
match K' one of Oiosa stored tn 
theshatew 
stack 



16) approach 
swralaasad 




[5] approach sw asserted 
and blade Is more than 98mm 
vatticetV above anyobstmcted part 
of the bnaflo (thb has pdorfty 
ovtf condillon (8]) 



¥ ^ (3) Stop & Watt ' for approach cw ^ 



[8) approach sw asserted and 
material position or shapofialls 
to mach* any scored to the 

shadow stack 
Old condition |53 Is NOT true 
(dlamUv any armo cf btada 
eiotm to moftttl) 

{S) Co Jiair & buOd new 
shadow map or add to shadow 
map bekig erected 






(71 approach sw 
released or 
matartel shape or crientation 
Mis to match* any stored bi ttie 
shadow stadc 



Co fast & ApTOCh tha matartaT) 



approach 
smrrelaased 



(101 approach sw released 
end btadaNOT 
close to an>A 




(13) new part of blade 
dose to metcriel 



^ (0) stop fcWe t for conlhrnaOoii ^ 



(128) Made doso to maiaiiai 
or 

[12bl part cf Made past material 
and new portion 
cf blade close to materia) 
or 

(12c] blada close co an%S 



K] band completed 
faava any mwly oreaf arf 
afiarfoiirmapa 
to tftatfoir stacJk; 



114] approach sw reJaased and 
btade close to omril 



l1S)btadB etose 
to envf 
and 
tnage matdwa 
shadow afaelc 
for longar than 
eanfymafion UmaouX 
and 
conftmBdsofB 
to band 



T (iq approach sw released 
/ and image of 
/ mateilai shape 
f and oflentailoo do not 
/ match* any cf the Images 
/ stored In Ih e shadow stack 
\^ and 
^ blada dosa to enva 




(9) CO 
Bond tho matoifal 
whOe approadi sw asserted 



(18) approach sw released 
and Image of 
materia) position, shape end oifentaiion 
match* one of tha Images stored h 
tho shadow stack 
and 

blade dose ID anvil 



* N0TE1: If an Inductive material position sensing means is used 
then the inductance of the sensor is measured and 

stored with images when they are stored into the shadow stadc 
When images are compared with the shadow stack, 
the inductance of the sensor Is also compared against the 
stored value 

# N0TE2: Text In BOLD / ITALICS are given for Indication 

only as situations exist where these may not be entirely appropriate 



Flow Diagram 1 A 
Follow Material 
while Approach 
Asserted 



An overview of the control means operation is shown in flow diagram 1 A. States are numbered in the 
curved brackets, and conditions recpiired to progress firom state to state are shown in the square 
brackets. 
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To desmbe the operation of the contxol means for this embodiment, the bending of a simple box is 
described here. 




Referring to Fig 8, the shape of the material being bent is shown. 

The operator may activate the retract switch fulfilling condition [1] forcing the control means to enter 
state (1) and retract the blade. The blade may be qpened further than usual by using the retract switch. 
When tiie operator releases the retract switch the control means progresses to state (2). 

BendrngSideUl 

The operator programs the required position of the back-gage for the first bend (fig 8/1) and asserts the 
approach switch. As the control means is in state (2) and the approach switch is asserted, the control 
means drives the blade to (the position shown in fig 9/2) where the anvil fills the lower 20% (say 
2Smm below the blade) of the image area. 

The operator places the material onto the anvil causing the blade to raise and then lower to stop hi^er 
bythe^cknessofthe material The blade comes to rest with the lower 20% ifthe image area 
obscured by the material (as shown in fig 9/S). 

The operator releases and reasserts the approach switdi fiilfilling condition [6] and then condition [8] 
so the control means progresses through state (3) to state (5). In state (5) the control means drives the 
blade slowly to the bed creating a shadow map (as shown in fig 9/1) until the blade is close to the anvil 
(as shown in fig 9/4) fulfilling condition [12c] and putting the control means into state (7). 

The blade stops in state (7) so the operator releases and re-asserts the approach switch fulfilling 
conditions [14] so that the control means passes on to state (9). 
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In State (9) the material is bent until condition [4] is met and the control means returns to state (2) 
saving the newly constructed shadow map to the shadow stack. 

Bending Side U2 

In state (2) the blade retracts until the image of the bent material fills only the lower 20% of the image. 
The operator, keeping the approadi switch asserted, removes the material and rotates it through 1 80 
deg to bend the other side of the material as per fig 

The blade approaches the material meeting conditions [3] and [13] passing through state (4) to state 
(6). 

The blade stops in state (6) so the operator releases and re-asserts the approach switch meeting 
conditions [18] progressing to state (9). Alternative, tiie control means oisures it is safe to perform a 
bend and observes tiie material has remained stable while the blade was descmding fulfilling condition 
[15] and progressing to state (9) (the control means may slow the blade to give sufficient time to 
observe the matmal). 

Tn state (9) the material is bent imtil condition [4] is met and the control means returns to state (2). 
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Bending Sideita 

In state (2) the blade retracts until the image of the bent material fills only the lower 20% of the image. 
The operator, keeping the approach switch asserted, removes the material and rotates it ttirough 90 deg 
to bend side 3 of the material as per fig 8/3. As the material has been removed from the anvil, the blade 
approaches the anvil until the anvil fills only the lower 20% of the ima^ area. 

The qjerator, keeping the approach switch asserted, slides the material onto the anvil causing the blade 
to raise according to the amount the material is lifted as it is placed onto the anvil. In this state, state 
(2), if the operator raises the material, then the blade is retracted accordingly, however, the blade does 
not approach the material again as more than the lower 20% of the image fails to match any in the 
shadow stack. 

In order to fiirther describe operation of the control means, we must now assume that for some reason, 
the operator fixUy retracts the blade to well above the material and then releases the retract switch 
causing conditions [2] and [6] to be me^ putting the control means into state (3). 

The operator asserts the approach switch fulfilling condition [5] and putting the control means into 
state (2) causing tiie blade to descend until the material fills the low^ 20% of the hnage area (as 
shown in fig 10/1). 
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The operator releases and reasserts the approach switch fulfilling conditions [6] and then [8] so the 
control means enters state (S). The blade proceeds towards the material until the blade is close to the 
material (as shown in fig 10/2) fulfilling condition [12a] and stopping. 

The operator releases and reasserts the approach switch fulfilling conditions [1 1] and then [8] and 
entering state (5) after disabling a section of the blade (as shown in fig 10/3). In state (5), the blade 
proceeds towards the anvil stopping when condition [12c) is met 

The operator releases and reasserts the ^proach switch fulfilling conditions [14] and entering state (9). 

In state (9) the material is bent until condition [4] is met and the control means returns to state (2) after 
saving the newly created shadow m^ (as shown in fig 10/4) to the shadow stack.. 

BendingSideM 

In state (2) flie blade retracts until the image of the bent material fills only the lower 20% of the image. 
The operator, keeping the approach switch asserted, removes the material and rotates it tfarou^ 180 
deg to bend the o^^ side of the material as p^ fig 8/4. 

The blade approaches Ihe material meeting conditions [3] and [13] passing throu^ state (4) to state 
(6). The blade stops in state (6) so the operator releases and re-asserts the approach switch meeting 
conditions [18] and progressing to state (9). 

In state (9) the material is bent until condition [4] is met and tiie control means returns to state (2). 
Bendittg a Second Box 

When bending a second box, the operator keeps the approach switeh asserted, releasing it 2 times if a 
mode enabling condition [1 5] is used or otherwise releasing it 4 times to confirm the bend on each of 
the finir sides. 
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11] retract swassectod 
(uneondlttonalDyrBtum 
tothb step) 



c 



(1) Retract 

end enabto detodton tor ell portonB of tha blado 



\ [21 retract em relaased 




{2) WHILE APPROACH SW ASSERTED 
Approach Iho anvtt white Bw bJad© rematrw more then a preset dltfanc© ol>wo mo envU 
and woiy part of tho Uado lomalns more than a preset dislanc© vertically above the meterial 
md every part of the blade remains more than a preset dlstanco hortonteay beside the materia 
- Rotract the btsdo to bKcm the motoitel if the material Is tiled (say by an operator) 
causlrni the mdlerbl to approach the blade tnm t»ton 
- Do NOT mtradturthQr than $ pmsotUPP&i 




(5) approach aw released end 
material position or shape f^ts^ 
to match ar\y stored In the 
shadow stack 



[4] approach aw rriaasad and 
material posHon end shape match 
one of those stored In 
me shadow 
stack 



[7}mBtoritf moved 
ontheanvQsothe 
shadow map to no lot 
valid 



(6] blade dose to the m eteilai 
end (mcge of materiel no 
longer m riches the image 
stored in the shadow 
stack 



C3) Op fatia AppnMch the motorial 
whUs approach sw Is asserted 



(4) Oa alow A build new 
stuidow mep oradd to shadow 

map being created 
while approach swls asserted 



(8] approach sw released and 
material posiSon end shape match 
one of those stored In 
the shadow 
stack 



[10] blade dose to anvU 



111] eppreech sw esseted 

end new part of 
btede dose to material 
or blade dose to arwH 



[9] approach 8W 

released 
and blade NOT 
dose to anMl 



[5) Step 



eontkmaUon f « for oonfrmotlon 

tlmootn and { »proach «w Is asserted 

tatagematcb '"•V^ ^ ^ 

and eo/ift^swerf* » • • • 
safa 



t12] approadi sw releesed 



CS]bsnd completed 
(aav any nawty created 
ahattowmapm 
CeaAedMr etaclU 



(8) Stop 



whie 



(7) Co a/oir 4 
Beridttta material 
approach swls asserted 



(l^lAppreech sw reasserted 
and releesed agaCn 



\\ 6) approach sw released 
end image of 
mateilBl shaps 
and orientation do not 
match' any of the images 
stored in the shadow stack 
and 

t>lede dosetoenvil 



NOTEl: Text in BOLD / ITALICS are given for Incficatlon only 
Situations exist where these may not be appropriate 



[1 0} approach sw reteased 
and mage of 
material position, shape and orienlsUon 
match* one of the tmages stored in 
the shadow stack 
and 

blade dose toenvH 

Flow Diagram 1 B 
Follow Material 
while Approach 
Asserted 



Flow diagKun IB is siniilar to 1 A with the main difference being that the blade moves at a safe slow 
speed instead of moving fester and stopping at eadi new obstruction. 

This slow qieed is less productive but sho^ the operator yAien a new image is being constructed. 
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Preferred Control 



{1] relisel iw Bstrttd 
OmcondBlonany return 
lothlstttp) 




0)FUtnclvyhDt 
rttrtctswasMttd 



/ [2] Approach svAch aelMtd 
/ h Horn i9baw<S to assmM 
^ and matflrtai shop* 

or poUlon do«fn1 
moldns thadow stock 
OineondBlenfll roovtloUits sl«p) 



p] Approach sw miMsad 
and Uodo FAR flbow matorU 



C 



PoDow FAR ibovo m iSmM 
slcp Vblado nel door or motoital 



[8] Blado ctoflrormilMM 



((6)R 
opproac 





(2) Approach mtf adal vMa approach cw assaitad \ 
Stop onnowobslnieflon orgostowas RocassaxyfaraaMy \ 
ib oaw part oftlada cMruefd or to aovO I 
Croats now Im^o as naeassary / 



fTJBIodo FARobova motoiial 



p) Approach cw raltasad 
and Uada claar ofmatarM 
and malodri shapa 

raalchos shadow stack 



(l)FoOawCtOSE (o molorfal 
Slop if blada not ctoar ofmalailat 



(5) RatrKl vrtiOa 
approach swossariad 



ril] Bond compMod 
(add nawlmaa** to shadow 
slack as nacassaiif) 



(C)BondniatariBl 




Approach swBch aclhnted 
t9 torn ;s!set9d fo awftetf 
ond miloilil shapa 
and posHlon mrtchos shadowslack 
and btado dosa to anvn 



(lOlClosaloeiwIl 



Flow Diagram 2 - Auto Approach 



An overview of the control means operation for this embodiment is shown in flow diagram 2. 

States are numb ered in the oirved bradc^ and oonditions required to progress from state to state, 
shown in the square brackets. 

As described above, this embodiment operates similarly to the first, however, the approach switch 
doesnt have to be held to pc«mt the blade to foUow the material. This aUows fte operator to move 
around, leaving the approach switch for short periods. Safety is maintained as ttie blade doesnt move 
unless eitha- the approach switch is asserted or unless there is no obstruction around the blade. 

This embodiment would be useful in situations where it is hard to kee^ 
while placing and removing material from the anviL 

NOTE: Condition [4] (shown witfa a dotted line above) is optional. 
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Preferred Control Embodiment #3: 

In athird preferred embodiment, no memory means is used so the operation is sinylified accordingly. 



(1) rdred swasnitad 
CuneonAlontQy ntum 
to this stop) 



(1) Retmcl 

snd snabto dtttcUon tor sQ portions oftht bisd* 



P]ralmclswrelt8sed 



{^)WHtLe APPROACH SWASSER7B) ^ « 

AppraacbttiswnAwhDtthsbladt wmslninjortlhin spMSit dlstmcasbowthasnvi 
and anttltd portlont cf lha bfada rwnain mora thai a prasrt dWanca ab«» ma m*aflai i 
. FUlracI tha blada to MUnv lha malarial If tha mHartil \% mad (lay by an oparaloi) / 
causing lhamelaitiilo approach ma Wada ton Wow / 

. ir lha natodal Is m ovad latatlua to tha amfl. Ihsn ra^abla driadbn tor •» poiM ona of lha blada ^ 

13] eppraaeh aw assaitad 



[4] apptoaeh swraJasad 
and blada NOT dasa le mrM 



(3> Enabla daladlon on an podlons ofttia Uada 



M DIsflbIa daladlon on M poillons oftha 
blada md ara dosatoiha mdartd pravanllng 
lha blada from appieaching tha anvl 



[7J confkmation 
**, cotofflmatf 



p] band oompMad^ 



[6] approach aw 
raloaod and 
blada doia 
toonM 



(5) Go ^JoHfA 
Band lha mdadai 
whna approadi sw b assailad 



NOTE: T©rt in BOLD / ITALICS are given for indication only 
Situations exist where these may not be appropriate 



Flow Diagram 3 
Follow Material 
while Approach 
Asserted with 
No Shadow Stack 



An overview of the control means operation for this embodhnent is shown in flow diagram 3. States 

« .^u^A m f Vift AiirvpH in^fikeiQ and conditions reouired to progress from state to state, shown u 

#1 and can be understood with reference to 
















the square brackets. Operation is similar to 
the description for embodiment #1 as described above. 
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Ofllier: 

For all of these embodiments, to permit fte best productivity, the blade speed would be fest viierc 
Mjplicable. Blade speed may for instance be guaranteed fast vrfiile a zone around the blade is not 
obstmcted, the zone size may be depmdent on the stopping peifiamance of the madune and the 
response time for the control means. 

To ove increased deaiance for removing material, the blade could be raised to a greater height vibm 
the material has been bent and until the next piece has been placed on the anvU ready for bending, the 
control means could determine the material has been bent by examining the top edge rfthe matoia^ a 
sloping top e^ vrould mdicate bent material vrfiereas a level top ed^ would indicate the mataial has 
beenrq>laDed. 

The operator could be provided with a second 'follow the material' switch. This would usually be used 
m place of the retract switch, aUowmg the bent piece of material to be removed and the new piece 
inserted realty for bending. Ttecqjeiator would tt«n use the approach switch to pafotm the final bOM^ 

It is also anticipated that combinations of the embodiments described here and those of 
PCT/AU03/00707 would be used in order to add flexibility to the system. Further to this, tiie 
processing and control means may output a vohagp to control the blade movement in a smootii ma 
wife the speed up or down being smoofety controlled dependent on &e state of the system and the 
positions of the obstructions. 

A switch other than the retract or approach switches may be used to control these special modes and 
these modes may be enabled or disabled by another master control selector. 

If the blade approaches and comes close to the material, (a point -where a stop -wcnM normaUy occur), 
then the control means may be programed to peraait the blade to travel toough the stop pomt withoirt 
stopping if it can be seen the situation is safe and the material is already aUgned due to a stop occumng 
just prior to the bhide coming close to the materiaL This would reduce the number of stops occumng 
and improve productivity. 

A mode may be available to the operator where the blade is stopped at programmable point in the cycle 
untaflieopaalor releases and re-asserts the a|>proadiswitdL This permits the operator to check 

alignment or check safety. 

The control means could be integrated with nomial operations of a press break controller so opiating 
modes for the control means or ttie press bake controllo- could be (tynamicaUy changed, dq»aiding on 
what bends are expected to be performed. 

The control means could be pre-jnogremmed with known common material sh^)es so that operators do 
not need to setup these shqies eveiy tune a similar shqie immaterial is to be bent. 

An advanced press brake controller could also 'download' e:q)ected material im^ to the processing 
and control Means and the processing and control means could use this information to ensure the 
matoial is positioned correctty for a specified bend. 
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Alternatively the prooessiiig and control means could 'upload' image information to an advanced 

controller so the controUer could ensaire bending is in line with expected parameteis. 

The press brake controUer could also provide infomiation to the processing and confrol means 

indi<»ting which step in the bending cycle is being performed and the piocessu^ and control meam 

could use iMs information to determine when the material is positioned mcorrectty for the bend bemg 

performed. 

Also, as described in PCX/ AU03/00707 the bending of the material may be analyzed to ensure safety is 
maiiiained and the bending of the material fa in line with expectations. 

Modifications and variations as would be apparent to a skilled addressee are deemed to be within the 
scope of the present invention. 

For example, it is anticipated that at least on of the embodiments could be achieved by using a cylinder 
1MB in fr«MitoftheUdit receiving meaiB instead ofthe lens arrangemait described m 

PCr/AU03/00707. The light receiving means would have (say 10) individual Ught sensors ptoced side 
by side at the focal length of the lens. These season would output an analogue vottagp (potentiaUy 
inultiplexed and/or digitized using an ADC) that represents the amount of h^fiiUmg 
emitting means similar to that described in PCT/AU03/00707 could be masked so a band of hght (say 
ISmmhi^) is emilted. 

Ihis produces a Ught receivmg means that has analogue outputs in which each analogie voltagp 
lepi^ents the vertical portion of li^ that is obstructed between the light emittmg and hght receivmg 



means. 



The processing and control means would use this infonnation to calculate the approjmwte votiail 
distsmce brtw^ the top of the Ugbt band (or the blade if the beam is partially obstructed by the blade) 



and the material (ftat has been placed onto the anvil). Operation 
be altered to accommodate this style of li^ receiving means. 



A Cmtrol Device 4 - 24. May. 2004 - P^e: 19 



r 

Document made available under the 
Patent Cooperation Treaty (PCT) 

International application number: PCT/AU04/001739 
International filing date: 10 December 2004 (10.12.2004) 

Document type: Certified copy of priority document 

Document details: Country/Office: AU 

Number: 2004903144 

Filing date: 11 June 2004 (11.06.2004) 



Date of receipt at the International Bureau: 04 January 2005 (04.01.2005) 



Remark: Priority document submitted or transmitted to the International Bureau in 

compliance with Rule 17.1(a) or (b) 




World Intellectual Property Organization (WIPO) - Geneva, Switzerland 
Organisation Mondiale de la Propriete Intellectuelle (OMPI) - Geneve, Suisse 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record. 



Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 



p BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 



jp REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 
□ OTHER: 



IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



BEST AVAILABLE IMAGES 





LINES OR MARKS ON ORIGINAL DOCUMENT 



